Polyphosphoinositide micelles and polyphosphoinositide-containing vesicles dissociate endogenous gelsolin-actin complexes and promote actin assembly from the fast-growing end of actin filaments blocked by gelsolin.
The Ca2+-activated actin-binding protein gelsolin regulates actin filament length by severing preformed filaments and by binding actin monomers, stabilizing nuclei for their assembly into filaments. Gelsolin binds to phosphatidylinositol 4,5-bisphosphate (PIP2), with consequent inhibition of its filament severing activity and dissociation of EGTA-resistant complexes made with rabbit macrophage or human plasma gelsolin and rabbit muscle actin. This study provides evidence for an interaction of gelsolin with phosphatidylinositol monophosphate (PIP) as well as PIP2 and further describes their effects on gelsolin's function. Both phosphoinositides completely dissociate EGTA-insensitive rabbit macrophage cytoplasmic gelsolin-actin complexes and inhibit gelsolin's severing activity. The magnitude of inhibition depends strongly on the physical state of the phosphoinositides, being maximal in preparations that contain small micelles of either purified PIP or PIP2. Aggregation of PIP or PIP2 micelles by divalent cations or insufficient sonication or their incorporation into vesicles containing other phospholipids decreases but does not eliminate the inhibitory properties of the polyphosphoinositides. The presence of gelsolin partly inhibits the divalent cation-induced aggregation of PIP2 micelles. PIP2 in combination with EGTA inactivates gelsolin molecules that block the fast-growing end of actin filaments, thereby accelerating actin polymerization. Regulation of gelsolin by the intracellular messengers Ca2+ and polyphosphoinositides allows for the formation of several different gelsolin-actin intermediates with distinct functional properties that may be involved in changes in the state of cytoplasmic actin following cell stimulation.